The present studies were undertaken because it was believed that direct measurements of capillary blood pressure in normal and hypertensive subjects might yield information concerning the nature of the peripheral resistance to blood flow in patients with hypertension. In man, only the capillaries of the digital nail-folds have been readily accessible for direct measurement of capillary blood pressure; but, digital circulation is very labile and readily affected by numerous influences (1, 2) . Therefore, before proceeding to comparisons of digital capillary blood pressure in different individuals, it seemed necessary to know the extent to which such pressures are altered by those physiologic influences known to affect the digital circulation. This communication deals with the effects of one of these influences, namely, digital vasoconstriction.
METHODS
The methods will be considered under two headings: (1) General and (2) Particular. The general methods were employed uniformly in all of these studies of capillary blood pressure. The methods designated particular pertain only to the experiments of this publication.
General
The direct micro-injection method (Landis) (3), modified as previously described (4) , was used to measure the capillary blood pressure in single capillaries in the nail folds of the fingers. The glass micropipette and the connecting manometer system were filled either with Ringer's solution or with 0.85 per cent sodium chloride solution, each containing heparin (3 mgm. per 100 cc.), and adjusted to a final pH between 7.3 and 7.4. Bubbles were carefully eliminated. The micropipette (orifice 6is to 10O in diameter) was inserted into the capillary in such a manner that the blood flow within the capillary was not visibly altered. When alteration of capillary blood flow occurred and persisted, observations were discontinued. Only measurements obtained while the blood iSupported by a grant from The Commonwealth Fund for the study of essential hypertension. flow in the capillary remained visibly normal were recorded as capillary blood pressures. The pressure reading was made when equilibrium had been established between the pressure within the capillary and that within the micropipette. Equilibrium was indicated by the pulsatile oscillation of erythrocytes in the extreme tip of the micropipette but without progressive movement either into or out of the micropipette. A free communication between the lumina of micropipette and capillary was insured at all times, by repeatedly testing the rapidity with which the erythrocytes moved into or out of the tip of the micropipette when the pressure within the micropipette was altered from the equilibrium level by not more than 1 to 2 mm. Hg.
Approximately 1 hour before measurements of capillary blood' pressure were begun, the most superficial, nonliving, layer of the epidermis covering the nail fold was cut away with a keen razor blade. If 'viable tissue was cut and bleeding ensued, observations were not made on that nail fold.
All subjects lay supine, with the head elevated 100 to 15°. The nail fold was placed at a level approximating that of the right auricle, i.e., 3 to Reflex vasodilatation was produced by warming the body of the subject until sweating was profuse and the temperature of the exposed digits reached 330 C. to 350 C. In these experiments, the temperature of the room was maintained at about 200 C.
When histamine was employed to produce local vasodilatation, histamine acid phosphate (diluted 1: 100 with 0.85 per cent salt solution) was pricked into the dorsum of the finger in three sites, each 0.5 cm. proximal to the nail-fold. Capillary blood pressure was measured when the resulting local erythema was pronounced, usually 5 to 12 minutes (and never later than 24 minutes) after pricking in the histamine.
Reactive hyperemia of the digit was produced by releasing the digital circulation after it had been completely arrested for either 5 or 10 minutes. The circulatory arrest was obtained by inflating, to pressures well above the systolic arterial pressure, a pneumatic cuff, encircling either the forearm or the base of the digit. The capillary blood pressure was determined as quickly as possible after the release of the circulation: within 30 to 40 seconds after a 5 minute period of ischemia; within 60 seconds after a 10 minute period of ischemia.
Interruption of the sympathetic innervation of the digits was accomplished either (a) temporarily, by the injection of 2 per cent procaine into the region of the stellate and upper thoracic sympathetic ganglia, or (b) permanently, by preganglionic sympathectomy of the upper extremity by the method of Smithwick (5, 6) . The adequacy of the sympathetic denervations was confirmed by the absence of vasoconstrictions of the neurogenic type in response to stimuli which induced vasoconstrictions in a normally innervated digit of the same subject. At least 7 to 10 days elapsed between operative sympathectomy and determination of capillary blood pressure in the sympathectomized digits.
Particular
The determinations of capillary blood pressure before, during, and after vasoconstriction were made while the micropipette was constantly in the same location in a given capillary. One observer continously adjusted the pressure in the micropipette, keeping it always in equilibrium with the pressure in the capillary. Whenever equilibrium points were established (5 to 15 second intervals), this observer signaled an assistant, who read the pressure in the manometer system connected with the micropipette. During such a series of readings, a third observer administered vasoconstrictor stimuli. Often, the nature of the stimulus and the time of its application were unknown to the observer adjusting the pressure in the micropipette.
Vasoconstrictions in the digits, i.e., reductions in digital volume (and presumably in blood flow), were induced by the following stimuli: touching the skin of a remote area (e.g., face, shoulder, or leg) with ice, or pricking it with a sharp object, having the subject take a deep breath, or solve mentally a problem in arithmetic. Vasoconstrictions caused by such stimuli are known to be mediated over sympathetic nervous pathways (7) , and are here termed neurogenic. Digital vasoconstrictions were also induced by the intravenous injection of epinephrin hydrochloride in doses of 1 to 2.5 gamma (0.1 to 0.25 cc. of a 1: 100,000 solution).
Changes in digital volume during vasoconstrictions were recorded optically by the plethysmographic method of Bolton, Carmichael, and Sturup (8) . Plethysmographs were applied usually to 2 digits: (1) a finger, usually the thumb, of the hand in which capillary blood pressure was being determined; (2) In 3 normal and 4 hypertensive subjects, the capillary blood pressure was determined before and during stimuli known to induce neurogenic vasoconstrictions (Table I) . After the administration of each stimulus, there occurred a temporary fall in the capillary blood pressure, followed by a return to the initial level. At times, the capillary blood pressure measured 5 to 10 seconds after the application of the stimulus was not altered from the initial level; but the second reading, 10 to 15 seconds after the stimulus, was invariably lowered. The duration (10 to 55 seconds) and magnitude (2 to 10 mm. Hg, 5 to 33 per cent) of these falls in capillary blood pressure were approximately equal in both normal and hypertensive subjects (Table I) .
In 2 subjects, one normal, the other hypertensive, the observations were made during reflex vasodilatation. In each subject, decreases in capillary blood pressure followed the administration of the stimulus; in fact, the greatest falls (8 mm. Hg and 10 mm. Hg) occurred in these subjects (Table I). In 2 hypertensive subjects with moderate digital vasodilatation, marked vasodilatation was induced locally in the nail fold by pricking in histamine. Vasoconstrictor stimuli applied at the height of the resulting erythema were still followed by decreases (2 mm. Hg to 5 mm. Hg) in the capillary blood pressure (Table I) .
The above changes in capillary blood pressure were never accompanied by visible alterations in the diameter of the capillaries or in the flow of blood through them.
B. Subjects with abnormally large capillaries Each of the 7 patients in this group had either Raynaud's disease, or scleroderma, or both, involving the fingers. Only in subject M. B. were the capillaries of approximately normal size; in all other subjects, they were unquestionably abnormally large. strictions. During the one equivocal response, the capillary blood pressure fell 3 mm. Hg.
2. Sympathetic innervation interrupted Neurogenic vasoconstriction. Except on one occasion, when a small digital vasoconstriction followed the stimulus of mental arithmetic,2 neurogenic vasoconstrictor stimuli (13 in all) failed to induce any change in the capillary blood pressure or in the volume of the sympathectomized digits of three subjects (Table IV, Figure 2B ). During the one small vasoconstriction, capillary blood pressure increased 1 mm. Hg. In each subject, the same stimuli produced definite vasoconstrictions in the contralateral, normally innervated digits ( Figure 2B ).
Vasoconstriction induced by epinephrin injected intravenou.sly. Epinephrin hydrochloride (1 to 2 gamma) was administered intravenously 9 times to 3 subjects, with temporarily or permanently interrupted sympathetic innervation of the digits (Table V) . On each occasion, after the usual latent period, similar decreases in digital volume were recorded in both the sympathectomized and in the contralateral, normally innervated digits. In the sympathectomized digits, the vasoconstrictions were accompanied by falls in capillary blood pressure which in duration (15 to 60 seconds) and magnitude (1 mm. Hg to 11 mm. Hg, 6.3 to 35.5 per cent) approximated those observed in the normally innervated digit (Table V, Figure  4A , Figure 4B ). C. Relation between capillary blood pressure and changes in volume of digit Although usually paralleling the decreases in digital volume, the falls in capillary blood pressure 2Recent evidence (9) indicates that a humoral (epinephrin-like) component may be involved in the production of the digital vasoconstriction induce3 by mental arithmetic. The effect of epinephrin in sympathectomized digits is discussed subsequently. appeared at times to lag behind the changes in volume. Thus, during the initial phase of vasoconstriction, when the digital volume was decreasing most rapidly, the capillary blood pressure occasionally remained unchanged, or even increased slightly (Figure iB) . As the digital volume reached its lowest level, the capillary blood pressure also fell but occasionally did not attain its lowest value until after the digital volume had begun to increase toward its original level. The capillary blood pressure returned to its initial value more slowly than the digital volume. Such lags in capillary blood pressure behind the changes in digital volume were observed during vasoconstrictions induced by both epinephrin and neurogenic vasoconstrictor stimuli, and in sympathectomized as well as in normally innervated digits.
In all of the experiments, the changes in capillary blood pressure tended to be qualitatively the same in all parts of the capillary: arteriolar limb, summit, and venous limb. DISCUSSION It has previously been shown that digital capillary blood pressure is readily altered by changes in both the local (3, 4) and systemic (10) venous pressures, by the injection of histamine locally (3), and by the local application of heat and cold (3) . Employing direct measurement, this study adds information concerning the effect upon capillary blood pressure of vasoconstrictions caused by reflex nervous mechanism and by a circulating pressor substance. This information was desired before proceeding to a comparison of capillary blood pressure in normal and hypertensive subjects (11) .
Although (1) found that during neurogenic vasoconstrictions "the flow to the fingers may be temporarily decreased as much as 20 times," and Burton (2) states that "a deep breath causes momentary almost complete cessation of flow in the fingers." Conversely, during reflex vasodilatation the blood flow to the fingers may increase as much as 100 times (1) tions no comparable increase in capillary blood pressure was found in this or in other studies (11) .
There appears to be a homeostatic mechanism which keeps the digital capillary blood pressure within relatively narrow limits, even though blood flow in the digits is undergoing wide fluctuations during digital vasoconstriction. The arteriolevenule anastomoses in the digits may contribute one component to this mechanism. .By shunting blood through these structures, and by-passing the capillaries, wide variations in digital blood flow could occur without great changes in capillary blood pressure. 2. Reflex vasodilation in the digit, even when combined with local vasodilatation produced by histamine, failed to prevent the fall in capillary blood pressure which occurred in response to neurogenic vasoconstrictor stimuli.
3. The percentage variation in digital capillary blood pressure was considerably smaller than the percentage variation in digital blood flow which has been reported to occur during similarly induced vasoconstrictions.
4. In the abnormally large digital capillaries of patients with Raynaud's disease and scleroderma, neurogenic vasoconstrictions, and vasoconstrictions induced by the intravenous injection of epinephrin, were usually accompanied by decreases in capillary blood pressure.
5. After interruption of the sympathetic nervous pathways to the digits of patients with Raynaud's disease and scleroderma, neurogenic vasoconstrictor stimuli failed to induce in the sympathectomized digits either vasoconstriction or fall in capillary blood pressure. On the other hand, intravenously injected epinephrin continued to cause both vasoconstriction and fall in capillary blood pressures.
6. These observations have been interpreted as indicating (a) that although strong physiologic vasoconstriction mediated through sympathetic nervous pathways may be accompanied by a fall in digital capillary blood pressure, the fall is relatively slight; and (b) that the digital capillary blood pressure may remain at a relatively constant level during wide fluctuations in digital blood flow.
